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Radon Background in Rare-Event Experiments
Satellite workshop of ‘NEUTRINO 2000’, SUDBURY, Canada

PROGRAM (quasi-final)

Date: Wednesday June 14, 2000

Time: 8:00 a.m. - 6:30 p.m.

Place: Alphonse Raymond Education Building, Laurentian University
Organizers: G. Heusser, T. Kirsten and R.L. Hahn

The listed presentations should help to trigger intense discussions. Additional entries and ad-hoc contributions in
addition to the program below are encouraged, as time permits (bring your transparencies etc., even if they are not
formally organized). Scheduled times are approximate. Talks are nominally allocated 20 minutes, 15 for the
presentation, and 5 for discussion. General aspects can also be discussed in the round-table discussion session at the
end of the workshop.

No abstracts are required for the talks. We are considering posting copies of the transparencies on the Conference Web
Site, so please bring a set of copies of your transparencies to give to the organizers.

8:00 REGISTRATION AND REFRESHMENTS.

9:00 Introduction

Organizers Welcome and definition of the problems to be discussed.
9:15 SNO
1. Levine The SNO cover gas system
H. Lee Radon in the SNO Water System
J. Farine Two radon barriers (cavity liner, o-rings) and detection of 220Rn at SNO

10:15 HOMESTAKE
K. Lande Radon induced background in Cl or I

10:35  COFFEE BREAK

10:55  SAGE .
. L. Mirmov Rn sources in chemical technology of SAGE and the methods of protection
V. Gorbachev  The methods of suppression of Rn influence on measurements in SAGE

11:35 GALLEX/GNO
G. Heusser Suppression of Rn in the GALLEX/GNO counting systems
W. Hampel Radon recognition and correction in the 71Ge-proportional counting

12:15 Super-Kamiokande
Y. Takeuchi Present status and future prospects of radon reduction in Super-Kamiokande

12:35 LUNCH




14:00

16:00

16:20

16:40

- 17:00

18:30

BOREXINO

G. Heusser Radon off-line monitoring program in BOREXINO, some general remarks
S. Schoenert Radon measurements with the Counting Test Facility (CTF)

W. Rau Emanation measurements

W. Rau Radon in nitrogen and a new purification method for nitrogen

I. Kiko Electrostatic detector for radon monitoring in air

H. Simgen Measurements of Ra/Rn in water

A. P. Pocar The radon filtering VSA system
COFFEE BREAK

Double Beta-Decay
A. Barabash Experimental limit on 222Rn activity in liquid Ar

DARK MATTER SEARCH
V. Kudryavisev Alpha background from radon decay in the UK dark-matter search

ROUND TABLE DISCUSSION OF RADON TOPICS SUCH AS
(Discussion leaders to be announced)

Generalization of experiences so far

- Avoidance or reduction of Rn

- Analysis / monitoring

- Hard-core limits

- Radon limits in new projects

- Desirability of cross project exchanges
- Possibilities for practical collaboration
- Other items

End of Workshop
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DAQ: ElectroStatic Counter (ESC)

ESC + recirculation loop

NWL A L2 (1419 ol —cod

8 counters
QO Radecays, Rn carried to ESC Operatin g
Q Rn decays, 70% Po daughters charged Si te
Q Charged Po collect on Si—PIN diode on
Q Q& spectroscopy of Po daughters
Po -« . . :
Efficiencies Th U
N
Rn _>\130 11L 8detection 22%  35%
: = &€ geometry 50% 50%
 Filter x Ecollection  71% 100%
4 x Eq 0% 70%
FI 8volume 100% 95%
€ transport 95% 100%
€ emanation 30% 70%
€ extraction 90% 90%
ETOTAL 6% 22%
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Right: The initial and final positions for ions that were lost Most of the ions i

were lost in the initial recoil step. The dead volume can be made nut at the top

of the detector.
Left: The initial locations of all the ions that made it to the silicon photodiode.
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Background and Sensitivity

e Counter Backgrounds

ESC w/ circ. loop | Date | Thorium cpd | Uranium cdp
(228Th=224Ra) |  (226Ra)
ESC 1 990311 1.3 £03 43.9 £ 1.2
ESC 2 990311 22204 371 £ 1.8
ESC 3 990311 7108 202+ 26
ESC 4 990222 1.7 £ 0.5 4.1 £ 2.7
ESC 5 990402 3.7T+£0.7 74.7 £ 3.3
ESC 6 990322 1.3+03 558 £ 14

e Sensitivity
Take D20 at specs:

Concentration 3.7x 107 gTh/g [ 4.5 x 107 gU/g

Activity 1.3:ddt 45 ddt

In ST units 1.5x 107® Bq/kg | 5.2 x 1077 Bq/kg
Assay 50 tonnes 65 dpd 225 dpd
Correction for decay 55 dpd 225 dpd
Total efficiency 6% 22%
Signal ’ 3.3 cpd 50 cpd
Blank (typical) 3 cpd 50 cpd

S/B ratio ~1 . ~1

¢ Possible improvements are

— double statistics using 2!2Po - needs relative calibration with 26Po
— background reduction
— take larger samples

— count four columns in parallel on a single counter

e Systematics is 50% for Th, 29% for U, and is dominated by the ema-
nation of 220Ryp.

Observed in a recent spike experiment scaling up to a factor of two,

which we will assess at a 15% level in a near future.
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Conclusions

‘ e Detection of 2°Rn

Gy

— counter with low background : |

—and high efficiency |
— improvements in sensitivity/background possible ’]
e Associated Assay

- — well practiced

‘ — re-calibration program running
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Energy Spectra from decay of 127Xe
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FIGURE 5. ENERGY SPECTRA IN PROPORTIONAL COUNTERS. Shown are the energy spectra
for the first six half lives for all runs of the LAMPF calibration experiment combined. The
peak at 4.7 keV is due to Auger electron emission from the L shell, and the peak at 0.9 keV
from the M shell. Events shown in this histogram are selected as "fa.st" from the forward
pea.k in the Inve.rse Risetime spectrum. '
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Inverse Risetime Spectra from decay of 127Xe
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Chemical Technology of SAGE .,
Solar neutrino 4 Chemical
exposure of 200-300 mkg extraction of Ge i i
50 tons of Ga Ge ligature by acid-p_eroxide
solution f}
Sweeping of | ;} i
GeCl, from Evaporating of
concentrated extraction solution ;
HCI into the with Ge ;
11 of water i
Extraction by CCl, | Synthesis of
and back extraction GeHgand
into the 100 mi filling s
of low tritium water - proportional ’}
counter s

To the counting system _ =

B 5-6 months »
T.Mitmov. SH&%
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Synthesis of Germane (GeHy)

Pure Increased PH of + 50 ml of Reaction of
Ge solution synthesis
Helium from 1-2 to 8-9 | NaBH, solution (t=80°C)
Chromatography Removing of
purification the water
of GeH, , | from reaction
gases |
) 4 &
i , - Measurement of
Removing of ‘GeH, volume q
Rntraces ~ and filling
on -125-142°C proportiona‘l
| counter(+85% of Xe)|

To the counting system
5-6 months
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Sources of Rn in
Synthesis of Germane (GeH,)

Atmospheric Air
in reaction part of

Atmospheric Air
dissolved in
reactives

installation

v

Removed by chromatography

Rn emanat:é,‘from
constructionq} materials
of synthesis installation

Y (viton o-rings, glass)

Removed by low temperuture sorbing

Rn emanate
from chromatography
sorbent materials

Rn sorbed on

internal surfaces of | Removed by - i
the system and dissolved evaporation

in grease and Hg




Rn Emanation Abilities

Silica gel
Chromosorb-102
Viton o-rings

Viton o-rings
from SNO

‘Laboratory Air

~ 0.4 atoms/h/g
~ 0.07 atoms/h/g

(28+4)-10"2 atoms/h

(13+6)-10"° atoms/h

2 pCill
~ 30 atoms/cm?®

v {0 '!Bg/f




vacuum
Meltmg 3 Step - GeH4 — aggnlt:g
points: 4 | C2HsOH
GeH, o (-130 C)
165 C A - CeH
RN R 6 M12
X\ (-142 C)
-71C n A
V: GeH4
| T | 7R | [™~Proportional
4 + Ha XN Y counter
2nd — \1\ NN
AntiRn || |l \ O 1st Anti-Rn
f to

trap : 1 . N trap(-130C
® e I 2 step \\ P( )
|

1 He 1 step:
+GeH4+Rn

.. Trap
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INTERNAL RADON
IN SOLAR NEUTRINO RUNS

Average per run

Without
antiradon |
procedures: ~ 11 atoms/run

Runs
with antiradon -
procedures: ~ 2 atoms/run







a | RADON systematic in SAGE.

Gorbachev V.,
Institute for Nuclear Research, Moscow.




"Ge:

T1/2=1 1.43 days
e-capture
Auger-electrons —

M L K
0.1 keV 1.2 keV 10.4 keV

Time analysis:

:"Ge_ <10 zcu?"}

Qac‘(dzpund (.52.0 2“".\'-L)




Proportional Counter.

quartz cylinder

cathode: Fe, 3=04cm,L=5cm

anode: W, @0 =12 mkm

counting gas: Xe+GeH, (« 30%), P ~ 1 atm.

Counting System.
time, energy, ...
Digitizing oscilloscope — waveform
nisetime (Ty) — “pointlike” (short tracks)

“extended” (long tracks)

Enefgy range — 0.3-16 keV

Active shield (Nal)




*’Rn — mimic "'Ge pulses

“external” — in air

| o of p -decays
| liquid nitrogen evaporation (for purge) g
constant counting rate — statistical error,

“internal” — gas filling

high counting efficiency n
Ty = 3.8 days — systematic error ]
Measurements: |
!
‘ 3200 Rn atoms |
RST - method of waveform analysis
— E<30-35keV

(ordinary analysis — E < 16 keV)

222Rn chain:

24 P
— o)

‘ 7 oL | 16Y miseL : 5
v Mo pL
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Spectuum of events withogt Nal
Cotncicdeneeg . (L+p)
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o-decays: o +r.n.
linear tracks
uniform energy loss

- uniform energy distribution
(E<16 keV L <0.35mm)

f-decays: complex energy spectra
nonlinear tracks o
noncontinuous energy loss
bremsstrahiung
reflection from walls

for our geometry complex models
do not change spectra

Reflect coefficient: K= 0.3
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Pulse Selection.

A - energy

F - 1) energy,
2) Nal: "*Pb - 50 %

*UBi-75 %
3) risetime (TN): L-peak — 83 %,
K-peak - 60 %

Probability of 71Ge pulse mimic:

222Rn 218PO 214Pb | 214Bi 214P0
L: 0 042-10° 1.10102 0.72-10? 0.16-1072
K: 410° 490107 0.61-10% 0.18102 1.86107

Overflow events (E>16 keV) are main indicators of
radon.

- Time cuts for overflows.
15 min befor
3 hours after
- 1.1 % **Pb,
3.5 % *Bi, 2“Po




1 atom of 222Rn':

L-peak -4.3 -1 04 events |
K-peak -7.8-10% events

Counter energy resolution correction:

x1.3 -L
x15 -K

1 run: 21 -L
(75 SNU) 25 -K
7.7 - overflow

L -0.2% (0.2 SNU)
K -0.4% (0.3 SNU)

1 hour decreases the radon
systematic on factor ~3

i
]

|
2

|
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= Suppression of Rn in the
| GALLEX / GNO counting system

G. Heusser M. Wojcik
Max-Planck-Institut fiir Kernphysik Jagellonian University
Heidelberg Cracow

detection method

Sonnen-
Neutrinos
So'ar
nevirinos

Germanium Atom
Germanium atom

Starting activity ~ 0.5 counts per day of "'Ge

radon problems :
1. Rn in counting gas

plate out activity on countersurface

o

3. Rn in spectrometer shield
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Table 1

The diffusion-, solubility-, pernﬁeability coefficiénts and diffu-
sion lengths of Rn in some membranes

Material Diffusion Solu- Permeability Daffusion
coefficient D bility P length
(107 cm?/s] S [10" % cm?/s] d, [mm]

Rubber soft. 1000 12 120 2.2

Butyl rubber 49 44 21 0.48

PU soft 408 56 23 ‘ 1.4

PU hard 88 7.9 6.9 0.65

PVC soft 420 10 42 - 1.4

PVC hard 140 5.2 7.3 0.82

PA Supronyl 6.1 34 0.2 0.11

Plexi 6.2 8.2 0.5 - - 0.11




INSIDE
FARADAY CAGE

GASOMETER
BALOON

><
%D ” ——J
-
FLOW- METER
L
|
]
|
|
b e e et e e s e o] e e
~
[t £

-4 —
Wi ' |
« 3 - : SHIELDING _ g
N g o Ve, X , INSIDE
5] & KV RADON
e 5 ! -METER
| } . TANK
] Al
CIRCULATION L 18 outsioe g
W puMP | RADON i
S2 I -METER ér
|_ EVAPORATING N, l -
CHARCOAL I L _ ﬂ
TRAP i &
i ' IN LN, N, |GAS BOTTLE | .
| !
T3
IO e e e e
[
L
| GASOMETER i INSIDE
| BALOON _ { FARADAY CAGE ]
i
] A _
1
| 3 ;%
: !
: J ,
! ! ; ?
: SHIELDING .
I -
: ! F PUMP RADON
! OUTSIDE -METER .
| I RADON.
| i ; -METER {r
} : T L : . w
1 N, |Gas sorTie | ‘ ?
!




RADONMON = 3-JUN-1991 00:00  2-NOV- 1992 00:00

-

o

w
ey |

-
o
N

10°

Radon content [Bq/m’] +1.0

1074 . . . — . |
0 100 200 300 400 500
Time [days]

Foni min Gur o 1Y, |

FLTER -7 A |
U CELL
L) - LUCAS CHAMBER
0.8¢
Zu §(aet.)
W fA08 x3
PH Bz\, O./C/t-’W‘.




coincidence Lucas chamber
ACTIVE VOLUME 6.7 L WINDOW
/ -/ 5" PM .
< |
“ZUS(AQ)-ACTIVE SURFACES . j
€y - 130% B = 0.3 cpm JHRLNT W |
o
ISR o
2l
>
g i &
g s|°
D

A il i
% i ff %% ﬁﬁ% % M #f%#ﬁﬁ%%% th iy

[y 20 T FETE FWRE NETE RUWE RENE SRS EENE R EE NSUR NETE SHTS NN NUNE ST R WS N IS FEENFERE FERE NN RN
09 13 17 21 25 29 02 06 10 14 18 2 26 30 03 07 11 15 19 23 27 03 (07

December January February March

&




RADON

PROTECTION IN BOREXINO

1. MATERIAL SELECTION

by Rn measurements with preconcentration and proportional

counting.
0.5 uBg/m’in N, 0.1 mBqg/m’ in H,0
10 uBg/m’ surface emanation 50 uBqg/kg emanation from Nylonfoll.

by Ge-y spectrometry : 0.17m Bqg **Ra/kg

\by permeation measurements of barrier foils: <10"%cm%s

2. DETECTOR DESING AND SCINTILLATOR PURIFICATION

sealings of low permeability and low Ra content
Rn barriers of Nylon foil in the inner detector

Rn filtered or synthetic air during inner vessel construction and
installation

sparging of scintillator with high purity N, ( <uBg**Rn/m’)

3. ACTIVE SUPRESSION

background cuts by tagging delayed coincidence events of the
Th/U decav chaines in the detector.




=3

222 RN SOURCES: S
AIR BORN RN(~40 Bq/mB)rzg
RA SUPPORTED RN

ERMEATION

PLATE OUT
ACTIVITY
210Pb

1 0'16g/gU L ;1Bq222Rn/m3

1 atomzzanAZHBq




Measuring principle

1 2 3
concentration desorption counting in
purification proportional counter

transfer to counter

-

1 [
7
z
¢
-
2
%

charcoal trap at -196° C
(gas chromatograhy)
a~24x10

blank activity < —>  sensitivity
(radon leaks +Ra contamination)

metal sealed high vacuum technique

high purity charcoal (0.33 + 0.05 mBq (Ra)/kg)

adsorption/desorption studies to optimize size of charcoal




Radioimpurity [Bq/kg]

in charcoal

Type ‘ 137¢s 2281h 40k 226R, 222Rn(Ra)*)v 3

Silkarbon K48 <1 0.5 10 0.35 0.28+0.05 g

Silcarbon C46 1.2 1 380 1.0

Silcarbon Sil40 <1 28 80 28 x

Hydraffin UV43 3.4 0.7 1130 0.5

Hydraffin CC8x30 1.3 1.2 275 1.0 0.33+0.02

ECN (CARBQO ACT) <0.5 <0.5 . <2 <03 0.0003£00001 °

Alcarbon 7x16 1.5 <0.4 690 <0.3 0.10+0.02 —
* Alcarbon 12x20 0.1 <0.3 530 .<O.3 0.17x0.02 i’

Model PCB 616 5.3+0.3 0.18x0.12 120+7 0.37+£0.09

Model 1193 0.6+0.08 <0.25 360+20 0.20+0.1

*) extracted from charcoal and measured
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Summary ? 0
]

* Radon is a dominant BG for the current very low-energy | |
- solar v data in Super-Kamiokande. |

=) Need further radon reduction!!

* Real-time Rn monitoring has been carried out at SK site -
by using several 70L and 950L radon detectors. . |

s 4«"‘&5'

*?;?ZRadon concentration in
- purified air: 2~3mBqg/m’ N
punfled water: 10~20mBqI m? gféﬁ;.'inaarﬁ T

SK tank: 1'_"2mBqlm3

i»vf‘ LN

 In order to reduce radon in purified water, a hollow fiber 3
membrane degassing module was tested.

# Succeeded to remove ~93% of o
remaining radon by the test module

=
Y B

Future plan

° Locate radon source in water purification system
(~summer, 2000) -

* Install hollow fiber membrane degassing system
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Radon off-line monitoring

program in BOREXINO,

some general remarks

G. Heusser

Max-Planck-Institut fiir Kernphysik

Heidelberg




‘ Detoction off Be 12 (et Gol) by
Loy V- £ #a ; e —> 2rl”

.

Borexino DeS|gn 2000 8" Thom EMI PMTs
with light collectors

Stainless Steel
Sphere 13.7m &

, \ylon Sphere Muon veto:

400 outward-
pointing PMTs

100 ton
fiducial volume

Nylon film
Rn barrier

Scinti]_.latox:

0,
s NNk,

C((J

. H = AL an L
¥ Holding Strings :
Stainless Steel Water Tank Stee! Shielding Plates

18m g 8m x 8m x 10cm and 4m x 4m x 4cm

Figure 6: A schematic view of Borezino, showing the inner nylon vessel, the stainless sieel sphere with
phetomultiplier tubes, and the ouler water container. ‘
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Satellife workshop of NEUTRINO 2000
Sudbury ,Canada

June 14 2000

Radon recognition and correction
n T1'Ge proportional counting

W. Hampel

{orv the

GALLEX and GNO Coltaborations

H. Lalla, Ph.D. thesis (GALLEX)

J Handt | Ph.O. thesis ( GNO)

Radon Background in Rare- Event Experiments |,

i
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P

Problem :

Solution:

Jn the course of counter fi Wing a few
(unwanted) 222 Rp - atoms are introduced|
into the proportional counter.

Decay of these 21Rn atoms ond its
daughter nuclides produce events that
(on the basis o} single events) are not
distinguishable from MGe events

To avoid probiun. totally is not possible
in practice | | |
Therefore : recognize Rn events anc
Correct their effects

'Radon cut
A special cut for these Rn events

has been developed in GALLEYX

Jond is opplied in both GALLEX
ancl GNO




Radon in the proportional counter

222
R

n 218 Po 214 PhH 2148" 214 Po

3.8d. 30m  2%m 20m 164 s §
NS Ry

L1

0

Decay of ore **2Rn atom:

~ 2.6 events +total 1

~ 1+ overflow events T
(> 16 keV)

~ 0.3 events in T'Ge windows

(fast L or K event )

== [Radon cut

Dead time: 15 m before an event with
| 3h after E > 16 keV

3h before a BiPo event




~ 1500 decays mQRt’L

W
(o]

N
(%3]
ST U PRI

JInteqral
2.6

PRI SR S

- K-Peak :
0.238 I

—
(V)
N R

-
o
TS B

Number of events per channel

0 ' 500 T w0 1500 T 000
| | Channel Nlumber i

80 7 L
601t
B s IR e ]

]
o
. T

Pulse rise time (ns]
=
)
i

"Rn decay | Overflow] ]

, 1.7 =
| T T T T ¥ T T
0 2 4 6 8 10 12 14 6




T

shtierrd s

: : , i ; s SN vane: O e AR v SR
| (s Jawi ] ,
.01 8s)nd *qnop’esalLigy BRI 09. ¢ 0 Q04 . “00¢
00S€ 000€ ~ ~  00SZ 000Z 003} o%,
— 1 I I I R B — —

I A

- 001

-0C)

1 | . _ - 091

i | \ | - 09)

X Qﬂ_.tvﬂ & _m_.rvﬂ

T
o
<
-—

1Y B.ieq. 51

1]

1
L
o
N
o~

1 “ _— -0%¢C

| X3T1v9 U ju3A2 ogig |

- 09¢

i . | R | 087

T A\ L 4 T T T T T ¥ T ¥ ¥ ¥ T T ] 4 ¥ ¥ T ¥ T T ¥ T ¥ ¥ T ¥ T T

00°98L JA¥ - 000°S8 ‘401 opniduy

/L*O0CL/CsCnN 7770 e TN DA™ P ) - . hem e -




|quon cut in GALLEX and GNOI

220 218p Mo g, nep,

A X ",- . X
N PF R

|

R ————
————————]

J 1 3
0 2 3 tlt
,1Sm, : 3h | ‘ q
L Sh o \Dead time
\ , through
Dead time through overflow
BiPo event event

Efficiency of the Radon cut : (91+5)%
(from measurement and Monte Carlo simulations )

Radon cut inefficiency : 9 %

| 8% : neither 2*2Rn nor '8P produce
on over{low event ( E 716 keV)

1% - L or Kevent in "Ge window s

produced later than 3 hours after
the overflow ewvent
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IRadon, in GALLEX Counting I

~3.% Rn atoms in counter at start of
counting (average 0} 65 rvuns)

E{{-iciency ot a 220, atom to produce.
count in the TGe windows : ~ (0.3

115 counts due +o 220,

No Rnh correction 102. 4 SNU
With Rn cut +9.5 SNU
fn wat inercicncy covreckion - 2.2 SNU
Solar neutrino Ssighal 7.3 SNU

251 SNU

Difference. 1024 - ¥13

Source of 2220 n atoms

Not yet clearly ideatified
Clear: R must come from +he {inal po.rf"

in counter fiu.in\g (after +he GeHy
Synthesis and Cleaniw.a)




Determination of the Radon cut |

efficiency -

1) High statistics -
a few 1000 #2p, decays Tequired

2) Ad-nvr!-y ,
~ 4-5 22p, C!e.cays per day

) Careful ddcrmmattow of counter

back S'roun d

CALLEX .

Combination. of measurements at
higher vate with Monte Carlo
Stmula'l‘IOVLS

Lonj term measurement (> 1 3ear)
at low rate (see above)
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Numbey. of events /channel
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Radon measurement

in GNO
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BiPo event GNO (A022)
(170, 92)

Run 170Ev 92 line 6 a022 13—Jan

250 |
200 |
150 |
100 |

50

..............................................

..............................................

0 1000 1500 2000
TDF iow gain
200 T e e
175 :’—TDseo """"""""""""""""""""
- S
150 R AR R H -----------------------------
125 ;_...4. ....................
:IOO :_. ...................................................................
75 E_. ...................................................................
50 E_ ...................................................................
. 25 :._.‘............‘........; ..............................................
O 1 1 1 l l A i ] ‘ 1 1
o} 50 100 150

-00 2.33.39:mp!,omph.omps 218.9 238.0 172.9

rtl,eth 47.2 14.8

250 -

200 -

150 -

100 —-

..................................................................

.................................................................

50 -
N P
1000 1500 2000

TDF hi gain

200 == - e
C

LT e ettt SRS SO
TDS ....... 599.9_%__.,
125 . -.- ................. -
| = F0 us
75 BT e e T :
50 ------------------------------------------------------------
25 R e T TR SN PRPPS
R A B A TR NEas

500 1000 1500 2000

6 a022 13-Jan-00




Number of events

N
w

N
o

N

6]

10

X'/ndf20.61 / 37
Constant 3.563 + 0.8077E-01
Slope —0.3999E-02 + 0.2922E-03
N \ BiPo distribution
N t(1/2)= (173 * *) micsec
i 1 | ] 1 1 [} )] l 1 1 | I 1 l 1 i 1 i l 1 1 1 1 1 1 [ ] 1 l 1 N N | l t 1 1
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Radon in Ge countfn3 of GNO

Preliminary Tesults :

® Low activity 2200 experiment

observed ~ 1500 222R, decays 1
® Radon cut &f{iCiency

GALLEX (91:5)% . !]

GNO (355 + 13.5 )%

very preliminary !

® Average number of 222Rn atoms in counter

£ AN
Loy

GALLEX (65 runs) 3.8

GNO (19 vung) 1.6
® Dif{erence due to Radon  { snU] f
GALLEX 259

GNO | 10. 6
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)eca.r o] Ru-222 present i

Pc-scwkllater a(.'rcder o.,//q '4'[&'14
Cini kel &B‘CM'N%A‘cn 28 103/ ) |

X/ndf25.81 / 33
P1 1.513% 0.5633
P2 261.2% 6.917

M
g
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N
3

8

g

g

Jacays/olay [ 4003

@

Tine 1w 0(0.75

Figure IV.14: Phase Foxtrot. .

Rate of mass 214 sequences selected by means of the U cuts.

The rate is corrected for dead time in data acquisition. _

The distribution is fitted using an exponential with 222Rn meanlife' plus a constant function in order to
disentangle the transient **Rn contamination from the internal intrinsic 238U contamination. If allowed to
vary, the meanlife is consistent with ??>Rn meanlife.

Resiolual Couu‘\‘uj rate: /,S'/@( JP‘%:

l.‘.'\; e?u.l %3¢ 1R fchJ =5 35.10 J H/J
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Radon Emanation Measurements
for BoREXINO

W. Rau, G. Heusser

Neutrino 2000, pre-conference workshop:
Radon Background in Rare-Event Experiments

~ June 14, 2000
Sudbury, Canada.

Out line

e Principle or Rn emanation measurements
e The Emanation Assay System

e Measurement procedure

e Samples




Principle of Rn emanation
measurements n

e Place sample in a sealed vessel 3

3 |
e Remove all trapped Rn | g ’
e Rn growth in with a half life of 3.8 days j i

e Extract the emanated Rn after several days

e Rn counting o]

Most essential prerequisits for high sensitive ‘
emanation measurements: .

e Low blank activity of the complete measuring cycle (Radium
contamination of the system, air leaks, memory effects) i

e Highly sensitive Rn detection method




- The Emanation Assay System

The Apparatus

Gas Flow Meter

[

He Purification
Silicagel Trap 80 ¢
‘ Emanation Chambers N Bottle
— || Charcoal A~
He Bottle 3

—-— R — s

Gas Exit -
Pump

e Material: stainless steel

e Sealing: all joints are metal sealed

e Treatment of inner surfaces: electropolishing

Blank activities of the emanation apparatus (in zBq)

charcoal (saturation) < 36
charcoal (per sample) < 1.1
small chamber 64 + 15
big chamber 153 + 25




Measurement procedure

Radon collection
e Sample loading, remove Rn (evacuation)
e Fill chamber with Rn free Helium
e Radon ingrowth

e Extract Rn together with He (evacuation)
Rn is trapped in a charcoal trap at -196 °C

Before each operation all relevant traps are baked out under He
purge

Radon sample preparation and Radon detection

e Connect charcoal trap to a glas vacuum line
e Radon sample purification

e Transfer Rn + counting gas to a low background proportional
counter

e Counting in an underground laboratory (15 mwe, addition-
aly ca. 10 cm lead shield); only a-decays from Rn and its
progenies are counted

For small samples: glas vials available (blank consistant with 0),
directly connected to glas line.

Blank activity from

sample preparation line: 10-60 pBq
Background of counters: ~ 1 count per day
Efficiency: ~ 1.5 counts per Rn atom




Low-Level Proportional Counter
Davis - type
stopcock
cathode
|~ T
i = [N l aansediistump——c
» side window anode wire spring
HD -2 - type
cathode wire 13um W
anode wire 13pm W | gas inlet
! stopcock
Cr/Ni spring 125um ! : ] :
. . . !

|
1/
piulg/

end window

|

HD-2 : evaporated zluminum
HD-2 (Fe): iron tube
HD-2 (Si): silicon tube

0 1 2 3 &4 Sem




Samples

Samples of construction material for the BOREXINQ-detector, for
other installations around the experiment and from the CTF are
measured

&
G

l‘/\;'.

Sample Surface/ Activity Vessel i
Amount [mBq] o

TYVEK 1073B 16 m? < 0.0039 /m? big chamber "

Steel foil 70 m?  (0.0100 +0.0007) /m? big chamber

PMT , | 1 piece < 0.031 small chamber

Master Bond ZP45HT 340 cm? < 0.86 /m? small chamber

Butyl O-rings 0.66 m? (19.6 & 0.:5) /m?  small chamber

PERMATEX 280 cm? (24.9 £ 4.2) /m?  glas vial

Araldite 2012 138 cm? (4.8 £ 3.2) /m? glas vial P

Nitril 96 cm? (187 £ 9) /m®  glas vial q

Busto 139 cm? (1750 + 40) /m?®  glas vial |

Kromasil 104 g (3.6 £0.3) /kg  glas vial

Safety valve 1 piece 0.08 £+ 0.03 direct -

Carbo-Act charcoal  2.02 kg (0.33 £ 0.05) /kg  special vessel




= Rn in nitrogen: measurement and
purification

W. Rau, G. Heusser, B. Freudiger, M. Laubenstein, M. Balata, T. Kirsten

Neutrino 2000, pre-conference workshop:
Radon Background in Rare-Event Experiments

June 14 2000
Sudbury, Canada

Outline

® Purity requirements and idea for measurement
e Radon concentration line
e Measurements I

e Nitrogen purification

e Measurements IT




Purity requirements and
measurement idea 1
g |

Nitrogen is used for gas stripping of the scintillator ' 3

to remove gaseous impurities, especialy Rn a
— required Rn purity: < 1 uBq/m?3

— direct measurement is impossible 3
(1 atom corresponds to 2 uBq!)

(State of the art: sensitivity of 1-10 mBgq/m? for
Rn in gas (electrostatic chamber))
Idea of measurement:
e concentration of Rn from large volume of nitrogen
£y
‘& remove impurities “
e proportional counting .




Radon concentration line

Method:

e Radon concentration on a charcoal adsorber at liquid nitro-
gen temperatrure

Requirements:
e hold back capacity for Rn from about 1000 m3 nitrogen
® charcoal with low ?Ra concentration
e tightness against Rn diffusion from outside

e fast concentration process to minimize emanation

Investigations:

® selection of a charcoal (low **Ra concentration) = choice:
synthetic charcoal with (0.3 £ 0.1) mBq/kg emanation rate

¢ measurement of the adsorption coefficient (~ 2 - 107)

Realisation:
o high vacuum stainless steel apparatus

e all joints are metal sealed (elastomer sealings suffer from Rn
emanation or high permeability for Rn)

e charcoal trap: 1.2 ¢, filled with 156 g of charcoal

e additional parts: flow regulating valve, particle filter, flow
meter (up to 20 m®/h), pumps, pressure indicators




Ll ol

Scetch view of the concentration line (simplified)

Pump

— — |

Gas Exit

a

Flanges

Nz in

He in

L F
Particle Filter

Trap I

Trap II

-

Transfer Trap

Concentration procedure:

1. evacuate line together with the charcoal trap

p = 2 bar overpressure

5. evacuate trap at —196 °C, then at —100 °C
to remove the nitrogen
6. heat up trap and transfer Rn to a small
‘transfer trap’ (~ 0.8 g charcoal, —196 °C) by He purge

7. dismount transfer trap and connect it to the counter
filling line, purify sample and fill counter

Blank of the concentration line

bake out trap at ~200 °C (slight purge with purified He)
coole trap with liquid nitrogen
Rn collection: Ny flow rate ~ 20 m®/h (STP),

equilibrium activity | 106 m® sample | 500 m® sample
[4Bq] [1Bq] [4Bdq]
charcoal 60 + 20 3.0+1.1 8.9 £ 3.3
other parts 117 4+ 52 4.4 + 2.0 17.8 + 8.1
total 74 £ 2.3 26.7 + 8.8

Y

£
p=

23

£

S







Measurements I

Standard purity nitrogen

sample size production plant activity
[m?] [1Bq/m?] 1
40 - Gran Sasso 51 4+ 7 '
35 Gran Sasso 27 £ 4
36 Gran Sasso 78 + 11
30 Gran Sasso 1+9
36 Heidelberg/gas phase 63 £ 9
45 Heidelberg/gas phase 43 £ 5 ”
50 Heidelberg/gas phase 54 + 6 i
106 Heidelberg/liquid phase | 144 + 14 .
&
Rn concentration too high: | |

Nitrogen purification is necessary

st




!
[

»)

Nitrogen purification

e Rn can be removed from gaseous nitrogen by adsorption on
charcoal

e Adsorption at low temperature needs cooling power

e Purification at room temperature requires huge charcoal columns
with ultra low ??°Ra concentration

New idea: charcoal purification of nitrogen in liquid
phase

e Liquid nitrogen from storage passés charcoal column before
evaporation :

e Charcoal column is placed in a dewar to guarantee constant
low temperature

e Evaporation is performed with a special small surface evap-
orator to reduce emanation

. (O Pressure ! 11 ¢-charcoal column
Helium indicator | in a dewar (LTA)

purification @
93¢

— et ___,_I—__T:T— L‘JLF Heater

Flow meter

" 11U}

- 3
(liquid)

!
|
{
!
|
|
!
|
|
|
|
|
|
l

-

Scetch view of the Low Temperatur Adsorber for nitrogen
purification
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Measurements 11

High purity nitrogen

sample size | production line | activity
[m?] [uBq/m?]
102 Heidelberg < 2
103 - Heidelberg < 25
106 Gran Sasso 0.27 + 0.31
120 Gran Sasso 0.48 4+ 0.32
500 Gran Sasso 0.78 4+ 0.10
- 500 Gran Sasso 0.30 + 0.09
Conclusions

e Radon concentration below 1 uBq/m?3 can be measured

e Nitrogen with the required purity (< 1 yBq/m? of Rn) can
be supplied in large quantities (100 m3/h)




- BOREXINO
MONITORING OF RADON IN AIR

monitoring of Rn in air within

a) theS.S.S. (housing of the Borexino detector)

b) the cleanrooms

Rn concentration level: 1 mBg/m’
Detection limit of the Rn monitor: < 1 mBg/m’
Method:

electrostatic collection of *?Rn daughter 218Po as
positive ion on an o - counter

Important parameters of Po ions in air

mean life concerning neutralization
in dry and clean air: 2 0,02 sec

mobility: 1,86 £ 0,11 cm?/Vs

Critical components in air:

H,0, NO,, OH 7, hydrocarbons, ...

e R







radon detector designed for BOREXINO 1 |

T

o. detector

N

100 cm —

b
3
i

i

i

i

1

e 1

A i
<
¥

i

70 cm -

e g
[

A

volume: 418 liters
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222Rn
38d
a(p,48) MeV
ZIOPO 214P0 218P0
138,4d [;5\,\d 0,00016" b&\sw' 3,11
a/5,30) 20 B4 af769 2“Bi o (6,00) MeV

206Pb 21 OPb 2 14Pb




2 . . .
The measured count rate Z,;3 for *'®Po in counts/sec is given by
Lys=enecaus AY (1)

with

en=  detection probability of the detector for o decays on the
surface. Due to a simple 27 - geometry ey=0.5,

ec2is= collection efficiency of 18 jons on the o detector,

V= active volume of the detector here V=0,418 m’,

A= *?Rn activity in Bq/m’.

214

The count rate Z,,,for “"Po is given by

L= 72513 +enecaus A (I-€cas) V 2)

gca14= overall collection efficiency of **Pb through 2"*Po ions
on the a detector.

Combining equation (1) and (2) one gets

R = (ecus + &c214— €218 €C214)/EC218 (3)
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. i . . . .
The measured count rate Z,;3 for ***Po in counts/sec is given by

LZois=tenecas AV (1)

with

en=  detection probability of the detector for o decays on the
surface. Due to a simple 2x - geometry ey= 0.5,

ecas= collection efficiency of **Po ions on the o detector

V= active volume of the detector here V=10,418 m’,

A= *Rn activity in Bq/m’.

The count rate Z,;, for **Po is given by

Lyy= 213+ enecaus A (I-ecas) V (2)

gco14= overall collection efficiency of *Pb through ***Po ions
on the a detector.

Combining equation (1) and (2) one gets

R= (8C2.18 + €c214— EC218 EC214)/EC218 3)

€218t €Ec21u— E218€c24u=a—b R @

with

a=1225+0.039 and b =0.216 £ 0.020 .

And with equation (3) and (4) one gets

<r~e=a/R — b (5)
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Background

Noise from detector and amplifier small compared
. to ionisations
signal
Noise from high voltage - small compared
to ionisations
signal
Electromagnetic pickup and depends on
ionization background environment

within the region of interest
in Heidelberg
~ 1 event/day

Intrinsic Rn - emanation within the 1,7 mBq
detector volume (equilibrium)

At normal operation condition the detector -
vessel is flushed with 200 V/h of air sample < 15 pBq ***Rn
activity

Total background: <70 uBq/m’ Rn equivalent

This is the detection limit if one accept the definition
signal/ background =1




Conclusion

e The described Rn — Monitor allows 2>*Rn
measurements in air at concentration levels of | 5
mBq/m’.
The statistical error is 20 % for 1 day data taking at
1 mBg/m® **Rn. |

e The ratio **Po/**Po indicates the degree of air
contamination with ion neutralizing chemical agents

£

and | .
can be used for correction of basic calibration.
e  The collection efficiency of ions for this detector is y

rather high. .
Higher sensitivity for this kind of detectors can be
achieved by increasing the detector volume.

A detector with ~2 m’ active volume seems to be

feasible.




Radon-Backgrounds
in Rare-event Experiments

Pre-Conference Workshop
NEUTRINO 2000, Sudbury / Canada

Measurements of Rn/Ra in Water
for BOREXINO

H. Simgen", M. Balata®, M.G. Giammarchi®,
G. Heusser”, T. Kirsten”, M. Laubenstein®,
S. Nisi”, W. Rau”

1) Max-Planck-Institut fiir Kernphysik
Heidelberg / Germany
2) Laboratori Nazionali del Gran Sasso (LNGS)
Assergi / Italy
3) Physics Dept. of the University and INFN
Milano / Italy

e Sensitivity Requirements

e Method of Measurement

e The Radon-Concentrator

e Detection Limit

e First Measurements at LNGS
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Sensitivity Requirements
Need for ultrapure water in BOREXINO:

e Scintillator purification (water extraction)
e Shielding against external gamma background

= More critical for CTF (= Counting Test
Facility) than for BOREXINO, because

water is in direct contact with Inner Vessel

Limits for Rn/Ra-concentrations:  ~ 10’3Bq/m3

(Compare with Rn in LNGS-water: ~ 10* Bg/m®)

Therefore: BOREXINO needs a method to
measure Radon and Radium
in water at mBg/m’-level!
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Method of Measurement

3 Steps: 1. Concentration of Radon

2. Purification of gas sample
3. Counting in low-background
proportional counters

Concentration of Radon

Extracting Radon from water (~ 350 lit.) by
sparging with high-purity nitrogen (~ 5 m°)
Pre-purification during concentration

(especially to remove water-vapor) |
Collecting Radon at cold charcoal (- 196 °C)

Purification of gas sample

Counting

— talks of G. Heusser, W. Rau
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The Radon-Concentrator

AVA Y
A A
AN to
Pump
] B>
< AV AV AV AV
~ to A A JaN A A A
>
Pump (j Gas
P, V' Exit
H,O - Trap
P, Radon - Trap
0 [ \J
AV4 AV
T X T4 *
1 b P F,
| ' :
1 F, sl
T
PO, O

: P, ,,: Pressure Indicators
H,O _X_|><1 H,0 N, F.: Gas Flow Meter

F,: Water Flow Meter
1 , T: Temperature Indicator

Sketch of the Radon-Concentrator

TYrnwder Clvmmnman Quidlaie. 14 NE ANNN Dnam~a &




J——
)

o AP




Characteristics
of the Radon-Concentrator

- # e Complete piping is made of stainless steel.
e All flanges are metal sealed.

e Water-tank and traps are electropolished.

Watei-tank

e Volume: 480 liters
'« Maximum overpressure: 2 bar
= fast extraction becomes possible
(~ 2.5 h limited by size of charcoal-trap).

e Maximum temperature: 80 °C

e Big top flange is sealed with polyurethane-
O-ring and additional indium sealing.

t s o s 14 A7 ANAN e~~~ T




Water-trap

- e Contains ~ 100 g copper wool as adsorber
= practically no contamination
=> good heat conductivity

e Volume: ~ 310 ml

e Adsorption of Water (and other contami-
nations) at — 60 °C (cooled with ethanol)

Charcoal-trap

e Contains ~ 10 g of charcoal with extremely
low Radium content (~ 0.3 mBg/kg) . e

e Volume: ~ 80 ml

e Adsorption of Radon at —196 °C (liquid Ny)




Detection Limit

Contributions to background:

Counters: 0.1 — 2 counts per day
Sample preparation: 10 — 60 uBg

Water-tank: 1.5+ 0.1 mBq in saturation

Residence-time of water-sample in water-tank:

for Radon:  only extraction time (~2.5 h)
for Radium: several days

= detection limit for Radium ~1 mBq/m3
=> detection limit for Radon ~0.1 mB_q/m3

The sensitivity requirements have been fulfilled!

-~ ~




First Measurements at LNGS

e Rn/Ra assay system was tested in Heidelberg and
installed at LNGS in October 1999.

e Tests were done to prove the performance of the
system (extraction-efficiency is (97 + 4) %).

e Water purification plant for CTF at LNGS was
restarted in autumn 1999.

# “m 0

e Delivered water quality was tested with the A
system before re-filling of CTF in March 2000. |

e Tests to optimize working conditions of water
purification plant have been done.




Nitrogen Exhaust

filter Hitrogen B iankat

T

A

Continuous
Deionization Buffer‘
Unit Tank
5 tons|

;
;
;
g
I

] i- 0.1fi.th’iecrt°n
. .u'Itrafllte | : T
Co |
¥ L ; !‘ """"""" b em e Nitrogen Supply
The water purification plant at LNGS
LNGS HZO-ﬂow Radon | Radium

water-sample [m’/h] [mBq/m3] [mBq/mB]_
raw-water - ~ 10’ ~'3-1045 |
after some 7 3.0+0.4 12409 |,
circulations | |
after single 1 187 +5 18406 |
passage

Selected water-measurements
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Summary

e BOREXINO needs a method to measure Rn/Ra :
in water at the mBg/m’-level.

e An assay system was developed and tested 1n -1
Heidelberg (improved version of a former - N

system).

e The assay system fulfills the requirements.

e First measurements indicate, that the achieved 1
water quality is sufficient for CTF/BOREXINO.

Future plans:
e Regular controls of water-quality inside CTF

e Radon emanation measurements of large
samples in humid environment (e.g. nylon)
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EXPERIMENTAL LIMIT ON Rn-222 ACTIVITY IN
LIQUID Ar

”
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W*MODUCTION )

WHY "Mo? =

1. High Q value — 3033 keV.
2. Large values of M> (experiment) and M‘ (calculations).
3. Interesting nucleus:
1) to check low-lying-state dominance hypothesis (half-life, single
electron spectrum, angular distribution});
2) to check possible time variation of Ge

l+
0" Rl c
Mo
Q =3033 keV
| l " o

MAIN GOALS OF THE EXPERIMENT =

1. To measure (independently and using new techmque) half-life
value of 2B(2v)-decay of "®Mo.

2. To improve limits on Ov- and va°—decay

3. To mvestlgate backgromd properties of liquid argon (42Ar ).

19.2{&“_







SCHEME OF EXPERIMENLAL SE+UP
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Pb~ 15cm ~ 2% ¢t

Setup is pLACeEd N LNGS (3500 mw

Level of gy in the air i ~ 180 5;/,4
(w " 9 Bt/n m.('/Je a{Pa.r'.('/V( S/;e/c/um\
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PRiNCiPLE OF tHE EXPERIMENt

| -

3 T Lhr
I << ADC o
>— - < : w
— —_-__ ~_- E 1SSEC 16 EL. CH. ';
‘ .. .- .. . - (o %

< s << —————r

: HETT AMC s
SRNCK T @
R RN WYY << ADC &
ST i < |

S R << AD C

4. UseruL voLuMe is 40L or LAr
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(XY

2. Eacu sectioN = two paiRed FLAt 0ONi2AtiON CHAMBE!
With ScREENING GRids aNd common cAtdodes.
Tue catwode is MoO-FoiL ~ 50/.m._

3. Now tie cuamber comtaine g EMRicHEd cAtwodE
=’~7305g e Mo . Eneicument is 98.37 %
(i-.sf. measu rteumeilsy were done Vil 4 callodey - 138.7 J of
4. Two tRiGER CONFiGURAtION ARE AVAILAbLE :
Q) tHE SicNAL EXCEECS tHE +tHREShoulLd At
LEASt ON the ONE OF AN0dS




EXPERIMENTAL CONDITIONS OF THE DEASUREMENTS

——

1. The: chamber contains 8 cathodes of cnrxcﬁad M@ = 306 g of

¢ “’Mﬁ. These cathodes were put into the working volum }
i ahematwely with the 6 cathodes of natural Mo. ‘
; 2. Electrical fields; o - ‘ i
4 - . '
§ E;=193kV/cm for theéathode-gn‘d gap !
; | 1
i

E;=4kV/icm forthe anode-gnd gap

3
i3
:
i

3. Energy resolutlon

AE/E=6% FWHM (forE=3MeV)

{
_, 4. Trigger — at least on one of anodes the signal exceeds a threshold

a0

Threshold — 500 keV
5. Measurement time: : } _—
. o
Run 1-202 b 3
Run 2 - 238 by
Run3-313h
R M-t =458 kg-h for '®Mo and 303 kg-h for Mo 4
Run4-1355h | )
. . _peulré |
6. “Rn concentration: Ruu S - ? & ’Z ( anty o
‘5'4:(/@/ rk }

Run 1 - ~ 50 Bq/m’;

1.d

| __Run 2,3,4-<2Bg/m’ ..
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| Alpha background from radon
decay in the UK dark matter
¥ search experiments

V. A. Kudryavtsev, N. J. C. Spooner,
P. K. Lightfoot, J. W. Roberts

Department of Physics and Astronomy
University of Sheffield
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UK Dark Matter search experiments

e At present several Nal(T1) detectors are running in the
underground laboratory in the Boulby mine.

. * Time profiles of integrated pulses from the PMTs are
digitised and fitted to the exponential to derive pulse
parameters, such as amplitude (energy) and time constant.

« Time constant distributions of observed events reveal

the presence of anomalous fast population of events. The

mean time constant of this population is smaller than

gamma/electron time constant and even smaller than
nuclear recoil time constant.
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DM 46 data - 725 kg.days
data plus Compton calibration
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Example DM46 recoil calibration

T, NS

curves are fits to the time constant histograms
fit errors typically +/- 2 ns

AE = 20-24 keV
" 1.0000 D
:.-E— ! Tneutron = 260 ns (area = 0.1) i
S 0.1000¢F Toamma = 36005 7
> F _ 3
EL)_  Thump = 210 s / (area=1) ]
= 0.0100 Karea=0.8 , E
0D - ’ 3
o -
O I
o i i
0.0001 N N N .
0 200 400 600 800

£3

o




Spectra of anomalous (‘fast’) events in
various Nal(T1) crystals

Rate, evants /kg/day/keY

1.000
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0.001

Measurad energy, keV

: T 7 l 4 H 1 T ] 1 1 ] i 1 T l 1 1 ‘I*:
I 3
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X :
DM4G, OctS6-Apro7 .
DM46, Summer 1997 1
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DM26 (Nal) spectrum: fast component (low
energies) + alphas

1-
-] <+
~ D1 ! 3
g S 4
E Lﬁr alphas—¢5&—<
unidentified 3

w 001 %} l=
3
= P e &

0.001 IR Y|

=
+
0.0001 '
1 10 100 - 1000 10000
E.,., keV

Spectrum of anomalous fast events in DM26 2kg crystal from
data covering several energy spans. The MeV range peaks
correspond to the expected alpha spectrum from U/Th

Graph from P. F. Smith et al. Phys. Rep., 307 (1998) 275
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External versus internal (surface)
contamination

« Alpha contamination looks like the best explanation
(P. F. Smith et al. Phys. Rep., 307 (1998) 275)

« But internal bulk U, Th level is too low to account for
the high rate at low energies.

« External incoming alphas from U, Th outs1de the crystal
(PTFE?) needs ~1 ppm and very fine tuning of dead
layers and Nal efficiency. Moreover, time constant of
external alphas is not matched well to that of fast
component.

« Internal (surface) contamination of crystal by alpha -
emitting isotope(s) was discussed recently by

e N.J. T. Smith et al. (to be published in Phys. Lett. B).

Nuclear recoils from Rn decay can be implanted into
the crystal surface. This creates a thin (0.1-0.2 microns)
alpha emitting layer.

« Alternatively, crystal surface can be contaminated by
U/Th. ,

« In both cases high concentration of alpha emitting
isotope is needed (0.1-1 ppm).

~+ Test of surface alpha hypothesis - polishing crystal

surface and run experiment again. This is impossible
for encapsulated Nal crystals. Better discrimination in
Csl crystals despite higher background offers such
opportunity.




N al surface alpha test result (DM29 detector)

Note alpha events are low energy surface alphas from a SOuIce.
There is no evidence that a sufficiently high rate of such alphas
exists in the UKDMC experiment.

AE = 30-40keV

1 .OOOO E ' ' ] ' ! ! ] ! g
:'_m: ~ Taipha = 220ns  Tpeutron = 242 1S 3
C B pu—
5 010008 N A~ 3
c . =314 ns I
£ 0.0100 LWme i [ -
a E =178ns ./ =
5 " (predigted); | -
& 0.0010 \ ' N
& - i f .

0.0001 S ¥ ] 3

0 200 400 600

Time constant, 7 (ns)

curves are fits to the time constant histograms

errors typically 2-5 ns
temperatures kept stable to ~0.1C

(results in: V. A. Kudryavtsev et al. PLB 452 (1999) 167)
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Internal (surface) alphas

swface
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exterior

alpha particle

range >>d

crystal interior
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Graph from N. J. T. Smith et al. (to be published in Phys. Lett. B).




Rate, events/kg/day/keV
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Alpha spectrum from CsI(T1)
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Alpha spectrum from CsI(T1)
after polishing
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Non-encapsulated vertical detector




High energy pulses from CsI(T1) crystal
220Rn —3...—> 212Bj — 212Pg — 208pp

EF 3
- - 3
%‘ - Channel & -
= - 3
i) - -
2 o Channal 1 ]
- Pulse Sum
- TS 2 n
-af- =
- o RCRETIE ]
C 1. N | ISP S PRSI S M PO | I N PR | PP | .
0 3 4 i g 16 13 14
Time {ua)
ertcode= a
tau_mean = 3.30141e-66 t6 = 2.67887e-66 amp = 5.82820
tau = 7.90141e-87 energy = 6889.13 conv = 1| chi“2 = ©.00662526
tau_mean = 3.14521e-66 t6 = 2.68335e-66 amp = 3.13913
tau = 7.75933e-B87 energy = 6499.24 conv = 1 chi®2 = ©.00194443
tau_mean = 3.31798e-06 t8 = 2.6771%e-86 amp = 2.68833
tau = 8.82663e-87 energy = 6?21.32 conv = 1 chi™2 = ©.89146419

17 events from this chain, 15 of them - during 1st day
Half-life of 212Bi is 10.6 hours.

Half-life of 21?Po is 0.3 microseconds.

These events are caused by 22?2Rn (or daughter nucleus)
contamination of the crystal surface during installation.




Rn contamination versus U/Th contamination

« Only one prominent peak is seen on the spectrum. The
peak is probably due to 210Po — 2%Pb decay (5.3 MeV
alphas).

« No decay chains ???Rn — 2!8Po — 214Pb
(2nd pulse delayed by about 3 minutes) or
224R 4 —s 220Rpy —s 216Pg —s 212Ph
were seen before or after polishing.

Conclusion:
The concentration of U and Th in the bulk of the crystal
is low (less than 0.5 ppb).

« An exposure to radon of at least 1 year is needed to
explain the main alpha peak. This figure comes from the
observation of 17 events from 212Bi — 212Po — 208Ph
decay chain (exposure of crystal to air was about 2 hours
during crystal installation). 1 year exposure to radon is
not unusual for the old unencapsulated CsI(T1) crystal.
At least several month exposure to radon is needed to
explain alpha peak (and low-energy fast events) in larger
size encapsulated Nal(T1) crystals.

How is it possible?
Radon diffusion through the windows of the detector?




Conclusions

- Anomalous fast events observed in the UK Dark Matter
search experiments can be explained by the
contamination of the crystal surface by the products of
radon decay. It is unknown, however, how and when
radioactive nuclei were implanted into Nal(T1) crystals.

o Preliminary results show that polishing crystal surface
removes at least major part of alphas and possibly of \
low-energy events. |

« UKDMOC has started a new program to run unencapsulated |
Nal(Tl) crystals in a liquid (paraffin) or in nitrogen
atmosphere. The crystals can be taken off the detectors
and re-polished. |
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Design of an unencapsulated detector

e
Y

.
' PMT
4
OUTER CONTAINER
PLASTIC HOUSING FOR PMT
2 INCH CRYSTAL
MYLAR REFLECTOR
PTFE CAGE
STEEL FRAME ROD _TEST LIQUID




Non-encapsulated vertical detector
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